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Abstract: The domestic unique research reactor, HANARO (Hi-flux Advanced Neutron Application ReactOr), has
been constructed with the open-pool, the core is submerged in, for the multi-purpose neutron application. The reactor
has a primary cooling system to remove the fission heat from the core and its connected fluidic systems. Since the
works are required at the reactor pool top as a characteristic of the research reactor, the radiation shall be minimized
with the operation of the hot water layer system to avoid unnecessary radiation exposure on the workers during
work at the pool top. Moreover, the pool water management system is connected to the reactor pool to maintain the
pool temperature below 50°C to minimize the uprising radioactive gas or impurity from the colder pool bottom. For
the efficient flow rate of the PWMS, the thermal capacity of heat exchanger is selected with 260 kW in the normal
operation condition. In this paper, the modeling is formulated to figure out whether or not each pool temperature
maintains below the temperature limit and the calculation results show that the designed PWMS heat exchanger has
enough capacity with the design margin regardless of the reactor operation mode.
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1.1 AFEAKXZE 5iLtZ
= Fdo A3E Ix=Ql Y E(HANARO, Hi-flux Advanced Neutron Application Reactor)™ 1985
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Installed
IR1: Fuel Test Loop
CT, IR2: Capsule Irradiation& RI
Production
OR : Capsule Irradiation & Rl Production
IP : Rl Production
HTS : Hydraulic Transfer System

for Rl Production
PTS : Pneumatic Transfer System

for Neutron activation Analysis
NTD : Neutron Transmutation

Doping of Silicon

o Vertical Holes

CNS: Cold Source Installation @ PTS
e P
@ OR
Install
.© Horizontal Tubes — g
Installed
8T2: High Resolution Powder Diffractometer,
Four Circle Diffractometer © Under-development
NR : Neutron Radiography Facility NS
CN : Cold Neutron Guide ST3: Bio-diffractometer
IR : Ex-core Neutron-irradiation Facility for 8T4 : Triple Axis Spectrometer
BNCT & DNR

ST1: PGAA and RSI
S$T3: High Intensity Powder Diffractometer

Fig. 1 Beam Ports and irradiation holes at the multi-purpose research reactor, HANARO
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Fig. 2 Geometry of the pool connected to the PWMS
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Table 1 Pool geometry and process parameters used in modeling

Reactor Pool (Section I) 160 m’
Spent Fuel Storage Pool 3
Volume (Section 1) 60 m
Upper pool (Section IIT) 360 m’
Reactor Pool (Section I) 9.8 kg/s
Each Section
Flow Rate in Spent (F;:cltiig)rﬁg)e Pool 4.7 kg/s
PWMS
Upper pool (Section III) 3.5 kg/s

Table 2 Estimated heat sources in the pools

Heat Sources Heat load [kW] Note
Decay heat from the core at 2 hours after 20.0025¢ + 345 PCS operation for 2 hours after reactor
the reactor shutdown shutdown
Decay heat from one full core 145 at 24 hours after reactor shutdown
Irradiated objects 35 Always
Transferred from hot water layer 5 Always
Decay heat from spent fuels 75 Always
ARz E¥ $HES, PWMS dudre BHx Fxo HiEo] e ZAEAET AHES ddR
Agzo] AFH AT AT Yo 59dS S AASE e . °J7<}i7} gA3H
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Hasts 542 /3 U] MEel, A4E g4 ¥ ¥HAS /Fon pwMse 8T YA
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Belo] QAR Fx5 LR S0T OS2 FASUA 7 fxie] due AAY F YES Z4 9
= =30 pWMS Dugr] 8-S 260 kWrF HE=F AASIT A Fudy] maEe 22
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a3ty Z 2= 22822 working platformoll «]OH A 1Y d9ez ydr A HA 92 Ut
2 wilo] EAlel: QA= 2 e (Section ), T WA AL AEF AAwT} A A I
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of AAE PWMS U/ FEMTS Bal v fAldl o8] 7 FrolN Lx WMyl wAHne 7
FolM e W= A (D-3)ez FA3HE = Utk A7IA 4 g ool avE & AU

Table 29} 7t}
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N, : number of plates, N, : number of passes
b : channel width, D, : port diameter
L, : vertical distance between the ports
L, : vertical distance between the port centers
L, : horizontal distance between the port centers
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Fig. 3 Normal operating condition and Geometry of PWMS heat exchanger
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S -~ Temp-Reactor Pool
42 \ - Temp-Spent Fuel Storage Pool

e - Temp-Service Pool

Temperature [°C]
w
©
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Elapsed Time [sec]

Fig. 4 Pool temperature variation at initial temperature of 42.7°C (shutdown mode)
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Fig. 5 Pool temperature variation at initial temperature of 35°C (shutdown mode)
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Fig. 6 Pool temperature variation at initial temperature of 42.7°C (maintenance mode)
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Fig. 7 Pool temperature variation at initial temperature of 35°C (maintenance mode)
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